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A.  INTRODUCTION

A-1. Identification of genes differentially expressed in breast cancer versus normal breast. We undertook a
search, using the differential ¢cDNA sequencing approach as we previously described (1-3), for isolation of
differentially expressed genes in the ¢cDNA libraries from normal breast and breast carcinoma. Of many putative
differentially expressed genes, a breast cancer specific gene, BCSG1, which was (a) highly expressed in mammary
gland relative to other organs and was (b) high abundance in a breast cancer cDNA library but scarcely in a normal
breast cDNA library, was identified as a putative breast cancer marker (1). We demonstrated a stage-specific BCSG1
expression as follows: BCSG1 was undetectable in normal or benign breast lesions, showed partial expression in
ductal carcinoma in situ, but was expressed at an extremely high level in advanced infiltrating breast cancer (1).
Overexpression of BCSG1 was also demonstrated in ovarian cancer (4).

A-2. Neural protein synuclein. Interestingly, BCSG1 revealed no homology to any other known growth factors or
oncogenes; rather, BCSGI1 revealed extensive sequence homology to neurotic protein synuclein, having 54% and 56%
sequence identity with o synuclein (SNCA) and B synuclein (SNCB), respectively. Subsequent to the isolation of
BCSG1, synuclein y (5) and persyn (6) were independently cloned from a brain genomic library and a brain cDNA
library. In fact, BCSG1, SNCG, and persyn appear to be the same protein. Thus, the previously identified BCSGI,
which is also highly expressed in brain (1), has been renamed as SNCG as the third member of synuclen family (7).
Synucleins has been specifically implicated in neurodegenerative diseases such as Alzheimer’s disease (AD) and
Parkinson’s disease (PD). Mutations in SNCA is genetically linked to several independent familial cases of PD (8).
More importantly, wild type of SNCA is the major component of Lewy bodies in sporadic PD (9-10). SNCA peptide
known as non-amyloid component of plaques has been implicated in amyloidogenesis in AD (11-12). SNCB and
SNCG have also been recognized to play a role in the pathogenesis of PD and Lewy bodies cases (13-14).

A-3. Expression of BCSG1/SNCG in breast and ovary cancer. Although synucleins are highly expressed in
neuronal cells and are abundant in presynaptic terminals, synucleins have also been implicated in non-neural diseases

‘particularly in the hormone responsive cancers of breast and ovary (1,4-5,15-17). Being identified as a breast cancer

specific gene, SNCG mRNA was detected in neoplastic breast epithelial cells but not in normal mammary epithelial
cells (1). While the expression of SNCG in normal breast is non-detectable (0 out of 7 normal breast specimens), 43%
of stage II/IIl breast carcinomas (6 of 14) and 73% of stage IV breast carcinomas (11 of 15) expressed SNCG,
respectively (Fig. 1). Western analysis to examine SNCG protein expression in human breast tissues showed a similar
pattern in that it was not detected in normal breast tissues and stage I/Il ductal breast carcinomas, but was detected in
70% of Stage II/IV ductal breast carcinomas (12). Ninkina et al were also able to confirm by using Northern and
Western blotting that some breast tumors and breast tumor cell lines expressed SNCG, whereas normal breast tissue
did not (16). In addition to the link to breast cancer progression, it has also been found that SNCG is involved in
ovarian cancer. Following our identification of BCSGI1, Lavedan et al first suggested that BCSG1/SNCG may be
abnormally expressed in ovarian tumors as well as in breast tumors, based on the discovery of some SNCG ESTs in
the libraries derived from an ovarian tumor (5). This suggestion was further confirmed by Western and
immunohistochemical analyses (17). While synucleins (o, B, and y) expression was not detectable by
immunohistochemistry in normal ovarian epithelium, 87% (39 of 45) of ovarian carcinomas were found to express
either SNCG or SNCB, and 42% (19 of 45) expressed all 3 synucleins (o, B, and y) simultaneously.

B. RESEARCH REPORT
While the original aims of establishing the MMTV/SNCG transgenic mice is underway, we are a bit behind the schedul

We are currently in the screening process. In addition, we have entered the new research direction and got some excitin;
new data.

Generation of SNCG transgenic mice. The full-length SNCG ¢cDNA sequence from pCI-SNCG (4) was subcloned into
the Bam HI and Apa I sites of pMMTV/STR (provided by Lynn Matrisian). A 3.5 kb Xhol MMTV-SNCG transgene
was separated from the vector and isolated from an agarose gel. The DNA fragment was injected into fertilized eggs
(5 ng/ul) at the Transgenic Core Facility at Albert Einstein College of Medicine. Transgenic mice will be generated
according to standard procedures, and founder mice will be analyzed by PCR and Southern blot. Two lines will be
selected for the following studies.




B-1. Specific expression of SNCG in advanced breast cancer. Our previous in situ hybridization analysis has
demonstrated a stage-specific expression pattern of SNCG mRNA varying from virtually no detectable expression in
normal or benign breast tissue to low level and partial expression in low grade in situ breast carcinoma to high
expression in advanced infiltrating carcinomas (1). Because of the non-quantitative nature of the in sifu analysis, we
performed an RT-PCR analysis on 36 clinical breast specimens including normal or benign lesions, stage IUIII breast
carcinomas, and stage IV breast carcinomas. As shown in Fig. 1, while no SNCG mRNA was detectable in 7 breast
specimens of normal or benign hyperplasia, SNCG mRNA was expressed in 43 % (6 of 14) and 73 % (11 of 15) of
stage II/III and stage IV breast carcinomas, respectively.

- e I age Fig. 1. Expression of SNCG in human breast tissue. Total RNA was
E ] | 1 | isolated from frozen human breast specimens. RT-PCR analysis of
scsc: [ o —— SNCG using primers within BCSG1 cording sequence (Sense: 5’-

ATGGATGTCTTCAAGAAGGG-3’; antisense: 5°-
CTAGTCTCCCCCACTCTGGG-3’). The 384-bp PCR product is a
specific indication of the presence of SNCG. The integrity and the
loading control of the RNA samples were ascertained by actin

Expression of BCSG1/SNCG in human breast expression with a set of primers (5-
GCTGTGCTATCCCTGTACGC-3' and 5'-

TGCCTCAGGGCAGCGGAACC-3") for 314-bp B-actin.

Actin

Stage Normal (n=7) Stage H/III (n=14)  Stage IV (n=15)

Expression 0 (0%) 6 (43%) 11 (73%)

Using Western blot, Godwin AK’s group also demonstrated a similar SNCG protein expression pattern in human
breast samples. SNCG protein expression was not detectable in either normal breast or ductal carcinoma in situ (0 of 3)
or Stage I/Il breast carcinoma (0 of 6). However, 70% (12 of 17) of Stage III/IV breast carcinomas expressed SNCG
protein. To emphasize the similarity and the importance of this stage-specific SNCG expression in breast tissue, PI
downloaded Dr. Godwin’s data here as Fig. 2 on SNCG expression in breast tumors.

A % smewv swew Fig. 2. Expression of SNCG and SNCB in breast (Cancer 88: 2154-
e g5 § wmore  tmas 2163, 2000). Tissue extracts were prepared and screened by Western
_ ® % 2 2 [ 1 1 blotting. (A) the blot was probed with the anti-SNCG antibody. (B) the
nuen > Ssme- S .- blot was probed with the anti-SNCB antibody. Although SNCB was
expressed in some breast carcinomas of all stages, including ductal
8 ,?; Stege UV Stagelt carcinoma in situ, SNCG expression was restricted to advanced Stage
E Dreast Breast HI/IV breast carcinomas; 82% (14 of 17) of the Stage III/IV breast

Z] b | carcinomas expressed either SNCG, SNCB, or both simultaneously.

B synuclein g - - - -

B-2. Overexpression of SNCG stimulated transcriptional activity of ER-a.. To elucidate the molecular mechanisms
underlying the abnormal transcription of SNCG in breast cancer cells, we previously isolated a 2195-bp promoter
fragment of human SNCG gene and demonstrated that demethylation of exon 1 region of SNCG gene is an important
factor responsible for the aberrant expression of SNCG in breast carcinomas (15). However, the molecular targets of
SNCG aberrant expression for breast cancer have not been identified. Here we demonstrated ER-o as one of the
critical target molecules for SNCG’s action in breast cancer pathogenesis

We measured the effect of SNCG on modulating the transcriptional activity of ER-o. in MC-7 human breast
cancer cells. MCF-7 cells were transiently transfected with either the pCI-SNCG expressing plasmid or control pCI-
neo plasmid. Transfection of SNCG gene into the SNCG-negative MCF-7 cells did not affect ER-a expression (Fig.
3A) but significantly stimulated E2-mediated activation of ER-o (Fig. 3B). While treatment of wild-type MCF-7 cells
with 17-B-estradiol (E2) activated estrogen-responsive reporter ERE4-Luciferase (ERE4-Luc), overexpression of
SNCG gene in MCF-7 cells increased E2-stimulated reporter activity 3.2-fold over the SNCG-negative control cells.
The SNCG-stimulated transcriptional activity of ER-o was ligand-dependent, because SNCG had no significant effect
on the transcriptional activity of ER-a in the absence of E2. Consistent with the increased transcriptional activity of
ER-a, SNCG also stimulated E2-regulated gene transcription in MCF-7 cells (Fig. 4). While SNCG had no effect on
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1)

" the transcription of Cathepsin D, PS2, and TGF-o. in the absence of E2, transcription of Cathepsin D, PS2, and TGF-a
were increased 4.6-fold, 3.3-fold, and 4.2-fold in SNCG transfected cells vs. control cells in the presence of E2,
respectively. _
B-3. Stimulation of cell proliferation by SNCG. To determine the biological relevance of SNCG-stimulated ligand-
dependent ER-a signaling, we analyzed the effect of SNCG overexpression on the growth of breast cancer cells. The
cellular proliferation of the previously established two stable SNCG-transfected MCF-7 cell clones, SNCG-MCF-2
and SNCG-MCF-6, were compared with that of SNCG-negative cells, neo-MCF-1 and neo-MCF-2 (11). Data in Fig 5
shows that while SNCG had no effect on the proliferation of SNCG-MCF cells compared to neo-MCF cells in the
absence of E2, overexpression of SNCG significantly stimulated the ligand-dependent proliferation. Treatment of neo
clones with E2 stimulated average cell proliferation 2.4-fold over controls. However, E2 treatment of SNCG clones
resulted in an average of 5.4-fold increase in the proliferation vs. controls, suggesting that SNCG expression renders
the cells more responsive to E2-stimulated cell proliferation. Consistent with its stimulatory effect on ligand-
dependent cell proliferation, overexpression of SNCG did not affect the proliferation of ER-o-negative MDA-MB-435
cells (9).

A Fig. 3. SNCG stimulated ER-a transcriptional activity in MCF-7 human breast cancer cells. (A).

MCF-7 Western analysis of ER-o and SNCG in MCF-7 cells transfected with pCI-SNCG or the control

i iR« vector pCl-neo. Expression of SNCG did not affect the ER-a expression. (B). SNCG stimulated

wew sncg ER-o signaling MCF-7 cells. pERE4-Luc as well as control reporter pRL-SV40-Luc were co-

i 5 an  ansfected into SNCG-transfected and control neo-transfected cells. After transfection, cells

B were cultured in the ligand-free pheno-red free medium containing 5% stripped serum for 4

g %, wmcr7 . days, treated with or without 1 nM E2 for 24 hours before the promoter activities were

; Ezs determined by measuring the dual luciferase activity. The ERE reporter luciferase activity was

D normalized against the control renilla luciferase activity to correct for transfection efficiency. All

£ S values were presented as the fold induction over the control luciferase activity in the non-treated

5 ==, SNCG-negative cells, which was taken as 1. SNCG overexpression in ER-a-positive MCF-7

svee —+ -+ cells stimulated E2-activated reporter activity 3.2-fold over the SNCG-negative cells
(*p<0.001).

- -+ 4 Fig. 4. SNCG stimulated estrogen-regulated gene transcription in MCF-7 cells. Cells were

CG - + - + cultured in the ligand-free medium for 4 days. Cells were then treated with or without 1 nM of

catd  E2 for 8 hours before the isolation of mRNA. Expressions of mRNA of Cathepsin D (Cat-D),
BEEeR P2 PS2, and TGF-a were studied in SNCG transiently transfected cells vs. control cells by RT-

TGF«  PCR analyses. A 842-bp product of Cat-D, a 336-bp product of PS2, and a 240-bp product of
et f-Actin - TGF-a, were amplified by RT-PCR.

80
70

60 Fig. 5. SNCG stimulated ligand-dependent cell proliferation. Cells
50 - were cultured in the ligand-free Conditioned Cell Culture for 4
40 1 days and then treated with or without 10 nM E2 for 24 hours. Cell

Zg proliferation was measured by *H- thymidine incorporation. Data
10 - are means * SD of three cultures.

0, .........................

ell neo-MCF-1 neo-MCF-2 SNCG-MCF-1 SNCG-MCF-2
2 - + - + - + +

C. KEY RESEARCH ACCOMPLISHMENTS

1. In transient transfection assays in human breast cancer cells, SNCG strongly stimulated the ligand-dependent
transcriptional activity of ER-a. The SNCG-stimulated ER-a signaling was demonstrated in SNCG-transfected
ER-a-positive and SNCG-negative MCF-7 cells.




-

«
.2

Consistent with the chaperone activity in stimulation of ER-a, SNCG stimulated the ligand-dependent cell
proliferation.

D. CONCLUSIONS

1.

9.

Although synucleins are highly expressed in neuronal cells and are abundant in presynaptic terminals, synucleins
have also been implicated in non-neural diseases particularly in the hormone-responsive cancers of breast and
ovary. SNCG was first identified by differential cDNA sequencing as a breast cancer specific gene, which was
expressed abundantly in metastatic breast cancer cDNA library but scarcely in normal breast cDNA library. SNCG
expression is highly associated breast cancer and ovarian cancer progression. In addition, overexpression of SNCG
in breast cancer cells significantly stimulated cell growth in vitro and tumor metastasis in vivo. However, the
molecular targets of SNCG aberrant expression for breast cancer have not been identified. Here we demonstrated
ER-a as one of the critical target molecules for SNCG’s action in breast cancer pathogenesis. Our findings suggest
that SNCG may function, at least in part, by participating in Hsp90-based multiprotein chaperone system for
efficient activation of steroid receptors. Thus, aberrant expression of SNCG stimulates breast cancer growth and
progression by enhancing the transcriptional activity of ER-o.

Synucleins are emerging as a central player in the fundamental neural processes and in the formation of
pathologically insoluble deposits characteristic of Alzheimer’s (AD) and Parkinson’s (PD) diseases. Most studies
of this group of proteins have been directed to the elucidation of their role in the formation of depositions in brain
tissue. However, the normal cellular function of this highly conserved synuclein family remains largely unknown.
Here we demonstrated that one of the functions of SNCG is activating ER-o signaling. The preventive effect of
estrogen on AD has become clear with epidemiological data, suggesting that estrogen may act as a neuroprotectant
against the neurodegenerative diseases. The demonstration of ER-a as one of the critical target for SNCG-
mediated chaperone activity may indicate a new direction of normal cellular function of synucleins. In this regard,
SNCG may be involved in mediating the function of transcriptional activity of ER-a in neuronal cells, thus, the
loss or decreased SNCG expression may lower the beneficial effects of estrogen to protect neurons against PD and
AD. The potential role of SNCG as a neuroprotectant warrants further investigation.
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